Objective: To investigate the relationship between cardio/respiratory fitness (CRF) and metabolic syndrome (MS) in young Korean men. Design: In a cross-sectional study, we examined 909 young Korean men (mean±SD age, 24.0±2 years) who were healthy and not taking any medications affecting blood pressure, glucose, or lipids concentrations.
INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of death in both developed and developing countries around the world (1) . Metabolic syndrome, the clustering of insulin resistance, dyslipidemia, and hypertension, is known to be associated with the development of type 2 diabetes (2), CVD (3, 4, 5) , and mortality (6) . Although the exact etiology of metabolic syndrome is uncertain, both genetic and lifestyle factors are likely to be involved in its development (7) .
With the overall Korean lifestyle becoming more like the western one, low physical activity along with a high-fat diet is becoming more prevalent in South Korea (8) .
Industrialization and the rapid growth of the technology sector have led to a decrease in physical activity including exercise and thus cardio/respiratory fitness (CRF). The overall prevalence of obesity has been substantially increased. All those lifestyle factors appear to contribute to dramatic increases in complications such as metabolic syndrome.
In the Korean National Health Examination and Nutrition Survey data from 1998 and 2001 (8, 9) , the national prevalence of metabolic syndrome in men aged 20 years or older according to the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) (10) definition increased from 15.0% in 1998 to 17.4% in 2001. In addition, Koreans appear to be more prone to the development of insulin resistance, a key component of the metabolic syndrome, due to the impairment of early-phase insulin secretion capacity (11) .
Substantial evidence supports the use of CRF and physical activity as powerful predictors of health outcomes, including metabolic syndrome, among western populations (2, (12) (13) (14) (15) (16) (17) . However, no such studies have been conducted in Asians 4 including Koreans. Thus, given that CRF is a modifiable and independent risk factor for metabolic syndrome, the purpose of this study was to investigate whether low CRF is a risk factor for the development of metabolic syndrome independent of body fatness in young Korean men.
METHODS

Subjects and Definition of Metabolic Syndrome
Subjects for this study included 909 male student volunteers who registered in "health Height and body mass were recorded using a stadiometer attached to a scale (Jenix, Seoul, Korea). Waist circumference measurements were made using a cloth tape measure at the level of the umbilicus. Hip girth was measured as the horizontal circumference at the broadest part of the lower body, usually at the level of the trochanters. Percent body fat was assessed using bioelectrical impedance analysis following the procedures 5 recommended by the American College of Sports Medicine (ACSM) (18) . All procedures were administrated by trained technicians who followed standardized protocols. 
Maximal Treadmill Test for the VO 2 max measurement
CRF was measured on a motor-driven treadmill using the ACSM guideline (18) .
The following criteria were used to confirm VO 2 max achievement; (i) a leveling off of the VO 2 , (ii) rate of perceived exertion (RPE) greater than 17 for the original category scale, (iii) volitional exertion, and (iv) achievement of aged-predicted maximal heart rate.
Students were encouraged to exercise to exhaustion during the test.
Statistical Analyses
In the present analyses, we assigned individuals to low (lowest third), moderate (middle third), and high (top third) CRF tertiles based on age-adjusted VO 2 max values.
Trends in covariates by CRF were estimated using F tests. Logistic regression was used to determine the odds-ratios (ORs) and 95% confidence interval (95% CI) as an index of association between CRF and metabolic syndrome markers. In multivariate analyses, we initially adjusted for age and cigarette smoking. Analyses were performed with further adjustment for additional body fatness indices including percent body fat, body mass index (BMI), and waist-to-hip ratio (WHR) such that an independent role of CRF was tested in determining the prevalence of metabolic syndrome. The high CRF level was used as the reference category (OR 1.0). All statistical analyses were performed with SPSS-PC 11.0 for Windows (Chicago, IL, USA). Table 1 illustrates the comparison of body fatness and fitness and metabolic syndrome risk factors across CRF levels. In this study sample, there was a significant linear trend (P<0.001) in the overall prevalence of metabolic syndrome across CRF levels; 22.8% (n=60) in the low CRF group, 7.1% (n=16) in the moderate CRF group, and 2.1% (n=9) in the high CRF group. Men with high CRF level were slightly younger than those with moderate (P<0.001) and low (P<0.001) CRF levels, with no significant difference in age between the latter two groups.
RESULTS
Comparison of metabolic syndrome risk profiles across CRF levels
With respect to body fatness, there were inverse dose-response trends for lower body fatness across CRF levels such that the high CRF group had significantly lower BMI With respect to blood lipids profile, there were inverse relationships between lipids and CRF levels; the high CRF group had a significantly lower value in TG than the low (P<0.001) and moderate (P<0.001) CRF groups, and the moderate CRF group had a lower value in TG (P=0.015) than the low CRF group, with no group difference between the moderate and high CRF groups. A less clear, inverse trend in TC across the CRF levels was also found such that the high and moderate CRF groups had significantly lower TC concentrations (P<0.001 & P=0.015, respectively) than the low CRF group, with no group difference between the moderate and high CRF groups. No such group differences in HDLC were found across the CRF levels. In particular, we found a linear dose-response trend in nonsmoking habits across CRF levels; in the higher CRF levels there were more nonsmokers. In this study population, the proportions of subjects having metabolic syndrome were 2.1%, 7.1%, and 22.8% in the high, moderate, and low CRF groups, respectively.
CRF and Odds-Ratios for the Metabolic Syndrome
Figure1 show ORs for having metabolic syndrome across CRF levels. After adjusting for age, the low and moderate CRF groups had odds of 14.28 (95% CI, 6.87 to 29.66) (P<0.001) and 3.64 (95% CI, 1.58 to 8.41) (P=0.002) for having metabolic syndrome than the high CRF group.
After adjusting for age and smoking, the low and moderate CRF groups had odds of 14.76 (95% CI, 6.83 to 31.87) (P<0.001) and 3.88 (95% CI, 1.62 to 9.26) (P=0.002) for having metabolic syndrome than the high CRF group.
After adjusting for age, smoking, and body fatness including BMI, %BF, and WHR, the low and moderate CRF groups had odds of 4.64 (95% CI, 2.00 to 10.79) (P<0.001) and 2.57 (95% CI, 1.04 to 6.34) (P=0.039) for having metabolic syndrome than the high CRF group.
DISCUSSION
To the best of our knowledge, this is the first report on low CRF as an independent risk factor for metabolic syndrome in young Korean men. From the current crosssectional study, we found that CRF is inversely and independently related to most of the metabolic syndrome risk factors in young Korean men, even after adjusting for potential compounding factors such as age, smoking, and body fatness, suggesting that maintaining moderate or higher CRF plays an important protective role in the development of metabolic syndrome and cardiovascular diseases including type 2 diabetes. The relationships we report here in Korean young adults have been consistently supported by the observations of previous cross-sectional (2, 12, 16) and prospective (2, 14) studies.
A plausible mechanism that links low CRF to metabolic syndrome is high insulin resistance. This was demonstrated by Sato et al. (21) , who showed a positive relationship between V ． O 2 max with the rate of glucose metabolism. Ivy and Kuo (22) reported that individuals with low CRF have fewer glucose transporters compared with those who are more fit. In a recent study examining the effects of 6-month lifestyle intervention programs, Watkins et al. (23) reported that compared with control group, the exercise group experienced significant improvements in VO 2 max, body fatness, and 2-hr postprandial insulin levels. In particular, fitness response analysis in their study showed a dose-response relationship between degree of improvement in VO 2 max and degree of improvement in the 2-hr insulin response during oral glucose tolerance testing. The findings of the current study are also in an agreement with those previous findings in that men with high and moderate CRF levels had significantly lower fasting glucose, insulin, and HOMA-IR than men with low CRF level.
In addition, a recent cross-sectional study by Lee et al. (24) showed that Korean adults who did not exercise regularly had significantly larger waist circumference, higher TG, lower HDLC than those who exercised regularly. In the same study, the relative risk of developing metabolic syndrome was 1.7 times higher in the regular exercise group than in the non-exercise one, even after adjusting for age, sex, BMI, and other risk factors. Thus, a high prevalence of metabolic syndrome in spite of relatively lean body mass in the Korean adults might be explained by the thrifty gene hypothesis (25, 26) . According to the hypothesis, poor CRF may be an intermediate phenotype of our sedentary and affluent society, in which thrifty genes have been chronically exposed to lack of physical activity and surplus energy, thereby contributing to the development of metabolic derangements such as abdominal obesity, insulin resistance, and type 2 diabetes (27, 28).
Although it is primarily influenced by individual differences in genetic make-up, CRF is a set of physiological attributes that are also substantially enhanced through participation in regular physical activity (29). Regular physical activity is a low-cost, safe therapy with minimal adverse side effects and favorable health benefits including a decrease in severity of each component of the metabolic syndrome (18) .
Pharmacological therapy for metabolic syndrome would require multiple agents, which increases costs and risks of side effects. Based on the findings of the current study, we believe that 1) health professionals, including clinicians and exercise scientists, should consider CRF in examining the relation between body fatness and metabolic syndrome 11 in young Korean adults and 2) moderate or high CRF level, attained through increased physical activity, should be promoted in young Korean adults and considered to be one of the major preventive efforts against metabolic syndrome and its related chronic diseases in older Koreans.
